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Abstract 



i A laser apparatus capable of very effectively converting excitation light to laser oscillation light includes a 
' single continuous long laser fiber wound by multiple turns and made immobile by an ultraviolet setting resin as 
to form a cyli ndrical shape conglomerate whos e opposite ends are exposed as outputs for laser beam, and 
generates a laser oscillation li g ht from the opposite ends upon radiation of excitation light from a peripherv o f 
the fiber-r-TheJaser fiber has a clad covering a core, whichis doped with-activeJasing.substances such as 
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Background of the Invention 



Field of the Invention 



This invention relates to a laser apparatus for performing a laser oscillation upon supplying an excitation light 
to active lasing substances placed inside an optical fiber or an optical waveguide. 



Description of Related Arts 



While, in arts of optical teleconnnnunication and optical fabrication technology, development of high-power, 
inexpensive laser apparatuses has been expected, optical fiber laser apparatuses and optical waveguide 
type laser apparatuses have previously been known as highly possible apparatuses to satisfy such 
expectations, ^ch optical fiber laser a p paratuses and optical waveguide j y pe laser ap p aratuses are 
capable of relatively easily rendering a n" o scillation transverse m ode into a single mode by controlling a cor e 
diameter, a ref ractiveJndex.ditfecen ce between a core ana a claOnd the like . Confinement of light in a high 
density can more activate mutual actions between active lasing substances and light. When the length of the 
mutual actions is made longer, laser beam can be produced with a high efficiency and a dimensionally high 
quallty.Thus, a high-quality, relatively inexpensive laser beam can be obtained. 

To realize further higher power and efficiency of the laser beam, excitation light is necessarily guided with a 
high efficiency to a doped region (ordinarily, a core portion) of emission centers such as active lasing ions, 
dyes, or the like (hereinafter referred to as "active lasing substances") for optical fibers or optical 
waveguides. However, where a core diameter is designed to meet the waveguide condition for the single 
mode, the core diameter is generally limited to 1 5 to 16 micrometers or less of the doped region (ordinarily, 
a core portion) at which active lasing ions are doped, and therefore, it is generally difficult to. gujdeit3e 
excitation liah UP ^h^* pnrtinn QL thaLdiameter-with-aJiiab-fifficieticv. To overcome this problem, for example , a 
double clad type fiber laser has been proposed. 



Fig. 6 illustrates a double clad type fiber laser. As shown in Fig. 6, the double clad type fiber la ser includes a 
clad portion 16. and a secondxlad portion 17 placed outside the clad portion 16 and formed of a transpare nt 
material having a lower refractive indey than that of the clad portion 1 6. Ex citation light 13 introduced TroTTT^n 
end Is confined in the clad portion 16 and a core p ort'O^ 15 b v total reflection created by a refractive index 
difference between the second clad portion_17 and the clad portion 16 . The confined excitation Jiohlis 
controlled to repeatedly pass the doped region (ordina rily, th e cor e portion 15) of the activeJasing 
substances. thete J3VJ[e pdeang-the-exdtatiQn.lighi gradually agsOTbedT>yme active lasing substances. Th e 
doubl e clad type fiber laser thus_constructed_can obtain a high power laser bea m. 

In the case of such a double clad type fiber laser.,however. if,tbfi xmss^ection.QUhejaiMLclM^Qr3^ is 
c ircle, there.arises a problem-that .th e mode may cause a n absorotion sat uration in which excitation light 
selectively passing around the doped regio n (ordinarily, the core portion) of the active lasing substances_is 
well absorbed by the active lasing substances whereas other regions show very low absorption efficien cy- 
Although a rectangular inner clad portion has been devised, a fiber having a cross-sectional shape other 
than circle is hardly manufactured generally and may reduce a mechanical strength of the fiber. 

Meanwhile, optical waveguide type lasers, due to manufacturing methods for the lasers, cannot make the 
waveguide length longer as much as that of an optical fiber, and it is difficult for optical waveguide type 
lasers to have a refractive index profile in a cross-sectional direction as complicated as the double clad type 
lasers have. To solve such problems with an optical waveguide laser, a method has been proposed in which 
excitation light is guide from a side face of the doped region (ordinarily, a core portion) of the active lasing 
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substances for the optical waveguide, as disclosed in Japanese Laid-open Patent Publication No. Hei 
4-51 ,027 and Japanese Laid-open Patent Publication No. Hei 3-3,283.When excitation light is guided from 
the side face to the doped region (ordinarily, a core portion) of the active lasing substances, excitation energy 
of an extremely large amount, in comparison with a method in which excitation light Is slightly introduced in a 
cross-sectional direction of the waveguide, can be pumped in the waveguide because the waveguide length 
(L) is very long in comparison with a diameter (d) of the doped region of the active lasing substances, 
namely, L/d is 10 or greater.Similarly, with an optical fiber laser, if excitation light could have been introduced 
from a side face, areas for introducing excitation light can be increased as much as wanted, and therefore, 
excitation light energy 10 to 10 times larger than that of the method in which excitation light is introduced in 
the cross-sectional direction, or 10 to 10 times larger than that of the double clad type excitation method can 
be introduced in principle. 

With the conventional side face excitation method thus described, however, when a single excitation light 
supplied from the side face is closely observed, this excitation light passes oniy one time the core serving as 
a doped region of the lasing active region. This core generally has a narrow width of about 50 to 60 
micrometers. Therefore, it is very difficult to render the active lasing substances absorb the whole energy of 
the excitation light during one time passage over the narrow width. Accordingly, the conventional side face 
excitation method has a defect that much excitation light becomes useless. 

This invention is devised on the basis of the background thus described, and it is an object of the invention to 
provide a laser apparatus capable of very effectively converting excitation light to laser oscillation light. 



Summary of the Invention 



In one form of a laser apparatus according to the invention, the laser apparatus includes an ofitifigLauidfi 
containing active lasing substances and-performs aJaser.Qscillation^bv supplying excitation light to the active 
l asing substance s. T he optical guide has a length continuous and ver y longiD.CQ.niB arison with eac h 
distance on a thre erdinieasional.coordinate-thatshQV^Ithe.si2e,Qf^n^a rea, containin g the optical guide and is 
ajjqp gedjn.a conglQmerate fofm inside the area by being repeatedl y_fQlded.or_WOun d. The ex cilation ll g Fins 
radiated to the optical guide-arran g ed-in-the.aonalomerate form to^beJatroduced into the optical. g uide by 
way of a tumt eiLDeriphecyLQf th e_QPticaLauideJor.pe[:fotming=the4aser,os. cil iatio n . 

The conglomerate_form_mav_be-.a-disc3hape. a cone shape, a regular pol yhedron shape. aJru ncated 
polvhedron- shape.-an-&lliDse,shape..axoco.on-Shape^an-elli psQid-ori^vo lutiQ n3hap e a 
sj)here_shape._a-dQnut_oLring-sha pe. a torus shape, a fabric.sh ape.^ or.a^shape linearly converted'fforfi one 
of those shapes, or a shape in combination of all or part of those shapes. 

According to one embodiment of the invention, the o ptical g uidejs madejf an optical fiber in the 
conglomerate form having at least an optical waveguide . The optical fiber in the conglomerate form is made 
immobile by covering all or a part of the optical fiber with a setting substance transmittable of the excitation 
light T he setting substance can be selected from a setting organic resin or glass, or a setting inorga nic 
medium ' ^he optical fiber in the conglomerate form may be made immobile mutually with an adiacen t 
optical fiber by unitedly formed so that all or a part of the optical fiber is in contact with the adiacent optica l 
fi ber in a manner that each interface between a core and a clad of the optical fiber and the adjacent optic al 
f iber is not impairerl .The optical guide is either a double clad type optical fiber or an optical waveguioe. 
formed with a clad and a second clad placed outside the clad. 

In another aspect of the laser apparatus according to the invention, t he optical guide is constituted of a cor e 
member constituting an op tical fiber and arranged in the c onglomerate form inside the area bv being 
repeatedly folded or woUrffl WithoUt Cfthtatitlhg flh^ anfltner Ih the area. A lower refractive index substance is 
provided to cover a periphery of the core mernber constituting the optical gnlH f> to fjii a soace between the *" 
core members ad[acerit to each other, and to form a clad member constituting the optical fiber together wit h 
the core m ^^mf^ftr rnncMnfinfl ma nptif^pi rjiii^e. m second clad member made of a substance having a lower 
refractive index than that of the clad member covers a periphery of the clad member. The laser oscillatjon is 
produced by introducing excitation light inside the core member byway of an outer periphery of the core 
member constituting the optical guide. 

With the laser apparatus according to the invention, the laser oscillation is made when optically pumped by 
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way of the outer periphery (side face) of the optical guide upon radiation of excitation light to the optical guide 
in the conglomerate form, where the optical guide is formed in the conglomerate form by repeatedly folding 
or winding the optical guide, which extends continuously with a very long length of the optical guide. When a 
single excitation light is observed, the excitation light repetitively passes the optical guide, thereby rendering 
the active lasing substances absorb much excitation light during the repetitive passage, so that the excitation 
becomes very effective. 

An excitation method according to the invention is called, for the sake of convenience, to as "multiple side 
face excitation method"; a conventional method using a double clad type optical fiber or optical waveguide is 
called to as "double clad excitation method"; and a conventional method for introducing excitation light from 
an end face of a core is called to as "core end face excitation method." The following data indicate a 
comparison of compression ratios of photo flux densities at each conversion from excitation light to laser 
oscillation light among those methods. 

Core end face excitation method: M = A core / A core = 1 
Double clad excitation method: M = A clad / A core = about 10 
Multiple side face excitation method: 
M = A side/ A core = dL / ( pi d/4) = L / d = about 1 0 

Wherein M denotes flux density, and A denotes a cross-sectional area, where no internal loss as well as 
100% conversion rate is assumed. 

As apparent from the above comparison, there are large differences among the methods, and the method 
according to the invention has an outstanding compression ratio. Such a huge compression ratio of the flux 
density has a meaning that poor quality excitation light will be converted into high quality laser light. That is, it 
has a special implication that even low density excitation light such as sun light can generate a laser 
oscillation. 



Brief Description of the Drawings 

The above and other objects and features of the invention are apparent to those skilled in the art from the 
following preferred embodiments thereof when considered in conjunction with the accompanied drawings, in 
which: 

Fig. 1 is an illustration showing a structure of a laser apparatus as a first embodiment according to the 
invention; 

Fig. 2 is an illustration showing a structure of a laser apparatus as a second embodiment according to the 
invention; 

Fig. 3 is an illustration showing a structure of a laser apparatus as a third embodiment according to the 
invention; 

Fig. 4 is a perspective view showing the entire structure of a laser apparatus as a fifth embodiment according 
to the invention; 

Fig. 5 is an illustration showing the laser apparatus in Fig. 4 with partially cut at the center of the apparatus; 
and 

Fig. 6 is an illustration showing a conventional double clad type optical fiber laser apparatus. 



Detailed Description of Preferred Embodiments 



(First Embodiment) 



Fig. 1 shows a laser apparatus according to a first embodiment of the invention. As shown in Fig. 1 , in the 
laser apparatus of this embodiment, a continuous long laser fiber 2a is wound by multiple turns to be in a 
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conglomerate form of a cylindrical shape having an inner diameter of about 1 centimetp r an outer d iameter 
of about 5 centimeters, and a height of 5 centimeters and made immobile with an ultraviolet setting resin. 
The laser apparatus has exposed opposed ends serving as outputs of the laser beam. The ultraviolet setting 
resin has a refractive index of 1 .45 and transparency with respect to light whose wavelength is 0.5 to 1 .4 
micrometer, and fills soace between ine Tibers adiacentto each other without a gap^ 

The laser fiber 2a has a core 5a whose diam eter is 10 micrometers a nd a clad 6a whose diameter is 50 
micrometers, has a numerical aperture of 0.1 , and is made of a long quartz system glass fiber having a 
continuous length of about 30 kilometers. Nd ions of 0.5 atomic percent are doped in the core 5a. A grating 
having a reflection rate of 100 percent against light of 1 .06 micrometer is formed on one end face of the 
laser fiber 2a, while a multil ayer reflection coating having a reflection rat e of 20 percent is formed on the 
other endTace: ' ' "~ 

To fabricate this laser apparat u s, a single long laser fiber 2a is wound around a metal bobbin havirig a 
bobbin diameter of 1 centimeter and a height of 5 centimeters until tnat tne outer aiameter becomes 5 
centimeters. The wound fiber is then dipped in the ultraviolet setting resin and receives radiation of ultraviolet 
light to make the resin sening. and the bobbin is removed to complete the laser apparatus ! ^ 

We confirmed performance of this laser apparatus. This laser apparatus peri^ormed a laser oscillation of 30 
watt output at a wavelength of 1 .06 micrometer, where eight semiconductor laser arrays having an oscillation 
wavelength of 0.8 micrometer and a maximum output 10 watts were placed around the cylinder and when 
light was directed toward the cylinder to radiate the laser fiber 2a. The oscillated laser optical power and 
changes on the time basis were good as 30 watts +/- 3 watts. 



(Second Embodiment) 



Fig. 2 is an illustration showing a laser apparatus of a second embodiment according to the invention. As 
shown in Fig. 2, in the laser apparatus of this embodiment, a continuous long laser fiber 2b is wound into a 
single spiral layer by multiple turns and then made Immobile with an ultraviolet setting resin to be in a dis c 
shaped conglomerate form having an inner diameter of about 3 centimeters, an outer diameter of about 12 
centimeters, and a thickness ot o"l centimeter. The conglomerate form is polished to form mirror faces o n 
major faces except a side face and vapor-deposlted with metal reflection coating films 7b. Though opposite 
ends of the laser fiber 2b are exposed to serve as output faces of the laser beam, the opposite ends are 
without reflection film or the like and remain as cut faces.The ultraviolet setting resin has a refractive index of 
1 .45 and transparency with respect to light whose wavelength is 0.5 to 1 .4 micrometer, and fills space 
between the fibers adjacent to each other without a gap. 

The laser fiber 2b has a core 5a whose diameter is 10 micrometers and a clad 6a whose diameter is 50 
micrometers, has a numerical aperture of 0.1 , and is made of a long quartz system glass fiber having a 
continuous length of about 170 meters. Nd ions of 0.5 atomic percent are doped in the core 5a. 

The laser oscillation of this laser apparatus of 1 5 watt output at a wavelength of 1 .06 micrometer was 
confirmed where eight semiconductor laser arrays having an oscillation wavelength of 0.8 micrometer and a 
maximum output 10 watts were placed around the laser apparatus and when light from the laser arrays was 
radiated the laser fiber 2b from the side face as excitation light. The oscillated laser optical power and 
changes on the time basis were good as 1 5 watts +/- 2 watts. 



(Third Embodiment) 



Fig. 3 is an illustration showing a laser apparatus of a third embodiment according to the invention. The laser 
apparatus of this embodiment has a structure manufactured by the following processes. 

First, a single continuous long laser fiber is tightly wound in a single spiral layer around a carbon bobbin 
having an outer diameter 3 centimeters as a center to be a conglomerate form of a flat ring shape having an 
inner diameter of 3 centimeters and an outer diameter of 1 5 centimeters. The laser fiber 2b has a core 5a 
whose diameter is 10 micrometers and a clad 6a whose diameter is 50 micrometers, has a numerical 
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aperture of 0.1 , and is made of a long quartz system glass fiber having a continuous length of about 280 
meters. 

Subsequently, two flat ring shaped quarts plates having an inner diameter of 3 centimeters, an outer 
diameter of 1 5 centimeters, and a thickness of 1 millimeter are prepared to sandwich the fiat ring shaped 
conglomerate laser fiber from upper and lower sides of the fiber and are put in a metal pressure resistance 
container. The laser fiber sandwiched by the quarts plates are thermally treated at 1 ,500 degrees Celsius in 
an inert gas atmosphere, and pressed with a pressure of about 50 bar in a vertical direction, thereby filling 
gaps between the fibers and between the fiber and the quarts plate by fusion. 

An optical accumulation ring body 2c is then obtained by optically polishing both major surfaces, namely, 
front and back faces, of the flat ring body thus fabricated. Three quarts plates each having a thickness of 3 
millimeters, a width of 3 centimeters, and a length of 7 centimeters are prepared. The side faces of the 
plates are optically polished and made into a shape having a contact face exactly matching the side face of 
the ring body when one end of the plate in the lengthwise direction of the plate is made in contact with the 
side face of the optical accumulation ring body 2c as to extend in a tangent direction of the side face of the 
optical accumulation ring body 2c. Those of the three quart plates are made adhere, with a predetermined 
space between the quartz plates, to the side face of the ring body as to be in contact with the side face of the 
ring body .Two of the quarts plates serve as input portions 7c, 7c for excitation light, and the remaining plate 
is used for an output portion 8c of the laser beam. A metal reflection coating film is vapor-deposited on the 
entire surface except input ends of the input portions for excitation light and an output end of the output 
portion for laser beam. 

The laser oscillation of 15 watt output at a wavelength of 1 .06 micrometer from the output portion 8c for 
laser beam was confirmed where four semiconductor laser arrays having an oscillation wavelength of 0.8 
micrometer and a maximum output 10 watts were placed around each of the input ends of the two input 
portions 7c, 7c for excitation light and when light from the laser arrays was introduced by way of the two input 
portions 7c, 7c for excitation light to the light accumulation ring body. The oscillated laser optical power and 
changes on the time basis were good as 15 watts +/- 2 watts. 

(Fourth Embodiment) 



A laser apparatus according to this embodiment is an example in which a single long laser fiber having a 
continuous length of about 20 kilometers is woven into a fabric form. That is, first, a warp portion is formed in 
a planate form by repetitively reciprocating a laser fiber, and then, a weft portion is formed by repetitively 
reciprocating the laser fiber as to pass the upper and tower sides of the warp alternatively, thereby making 
the laser fiber into a fabric form. In this embodiment, a laser apparatus in a fabric form of 30 x 30 
centimeters was manufactured. 

The laser fiber is made of a quartz system glass fiber having a core diameter of 5 micrometers, a clad 
diameter of 1 0 micrometers, and a numerical aperture of 0.2. Nd ions of 0.5 atomic percent are doped in the 
core. A n ultraviolet setting resin having a refractive index of 1 .45 and transparency with respect to ligh t 
whose vn"^'^"g*^^ " ^ rnlrmmf^tpr nnx/Prc; thp ppriphpry nf the niad The refractive index of the 
ultraviolet setting resin is 1 .45. which coincides with that of the clad. One end between the opposite ends of 
the laser fiber is formed with a grating having 100 percent reflection rate with respect to light of a wavelength 
1 .06 micrometer emitted from the inside of the core, whereas the other end remains as a cut end face. 

When this fabric received a focused sun light during a fine weather using a mirror having a magnification of 
100, a laser oscillation of 0.5 watt output in average at a wavelength of 1.06 micrometer was confirmed. 



(Fifth Embodiment) 

Fig. 4 is a perspective view showing the whole constitution of a laser apparatus according to a fifth 
embodiment of the invention; Fig. 5 is an illustration showing a cut model of the laser apparatus shown in 
Fig. 4 cut at a center of the apparatus. 
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As shown in Figs. 4, 5, this embodiment is an example in which an optical guide is formed of a core member 
constituting a part of an optical fiber. That is, in the above embodiments, the optical guide is made of an 
optical fiber in which a core and a clad are in a united body, but in this embodiment, a core member as a 
part of an optical fiber constitutes an optical guide. 

In Figs. 4, 5, a core member 55 constituting an optical guide is made in a conglomerate form by spirally 
winding a phosphate system laser glass fiber (doped with Nd ions of 1 .0 atomic percent) having a core 
diameter of 100 micrometers and a length of 100 meters in parallel with a predetermined plane as to avoid 
any contact between fibers adjacent to each other. 

In the core member 55 formed in the conglomerate form, the periphery of the member is covered with a clad 
member 56 made of an ultraviolet setting resin having a refractive index of 1 .51 , and the core member is 
made so immobile in a disc form as to fill gaps between the core members adjacent to each other. Front 
and back faces, except an outer peripheral face, of the disc shaped clad member 56 are covered with a 
second clad member 57 made of an ultraviolet setting resin having a refractive index of 1 .49. An inner end 
face of the spiral of the spirally wound core member 55 is formed with a multilayer coating film having a 
reflection rate of 99 percent or greater with respect to a laser oscillation wavelength of 1 .06 micrometer after 
plane-polished to reflect the laser beam, and an outer end face of the spiral serves as an output portion for 
oscillated laser beam. 

With the laser apparatus of the embodiment, as shown in Fig. 4, excitation light is introduced from the outer 
peripheral face of the disc shaped clad member 56 into the clad member 56. The introduced excitation light 
is reflected by the second clad member 57 and absorbed by the core member 55 to perform the laser 
oscillation while proceeding In a zigzag manner in the clad member 56. 

A good laser oscillation of 120 watt output at a wavelength of 1 .06 micrometer from the output portion was 
obtained where sixteen semiconductor laser arrays having an oscillation wavelength of 0.8 micrometer and 
an output of 20 watts were used and located around the laser apparatus to introduce excitation light in the 
clad member 56. Although this output amount was 120 watts because a small number of the semiconductor 
laser arrays was used for excitation, this is not a limit of this laser apparatus, and upon using a large number 
of semiconductor laser arrays, it would be expected to obtain an output of 2 kilowatts or greater. When the 
output of this laser apparatus was converged with a lens system having a focal distance of 50 millimeters, 
energy of 90 percent or more of the output could be converged within a diameter of 120 micrometers. 

Although in the above embodiments, examples in which an optical fiber is used as a laser medium are 
described, an optical waveguide can be used as a laser medium. To use such an optical waveguide, a single 
continuos long core is so formed as to be folded or wound within a prescribed area of a clad medium. This 
core's formation is made as a pattern of so-called one stroke of pen In using a known pattern forming 
method or ion exchange method. Although in the above embodiments, examples in which a single 
continuous long optical fiber or optical waveguide is arranged as an optical guide in a conglomerate form 
within a prescribed area are described, plural continuous long optical fibers or waveguides can be arranged 
in a prescribed area.ln addition, although in the above embodiments, an optical fiber or optical waveguide is 
exemplified as an optical guide, the optical guide can be any optical path, other than the optical fiber or 
optical waveguide, capable of propagating light in confining light to some extent in the path. 

As described above, the laser apparatus according to the invention includes an optical guide containing 
active lasing substances and performs a laser oscillation by supplying excitation light to the active lasing 
substances. The optical guide has a length continuous and very long in comparison with each distance on a 
three-dimensional coordinate that shows the size of an area containing the optical guide and is arranged in a 
conglomerate form inside the area by being repeatedly folded or wound. According to the laser apparatus, 
the excitation light is radiated to the optical guide arranged in the conglomerate form to be introduced into 
the optical guide byway of an outer periphery of the optical guide for performing the laser oscillation,, 
thereby extremely effectuating conversion from the excitation light to a laser oscillation light. 
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Claims 



1 . A laser apparatus having an optical guide containing active lasing substances, said laser apparatus 
performing a laser oscillation by supplying excitation light to the active lasing substances, wherein the optical 
guide has a length continuous and very long in comparison with each distance on a three-dimensional 
coordinate that shows the size of an area containing the optical guide and is arranged in a conglomerate 
form inside the area by being repeatedly folded or wound, and wherein the excitation light is radiated to the 
optical guide arranged in the conglomerate form to be introduced into the optical guide byway of an outer 
periphery of the optical guide for performing the laser oscillation. 

2. The laser apparatus according to claim 1 , wherein the conglomerate form is a disc shape, a cone shape, a 
regular polyhedron shape, a truncated polyhedron shape, an ellipse shape, a cocoon shape, an ellipsoid of 
revolution shape, a spinal shape, a sphere shape, a donut or ring shape, a torus shape, a fabric shape, or a 
shape linearly converted from one of those shapes, or a shape in combination of all or part of those shapes. 

3. The laser apparatus according to claim 1 , wherein the optical guide is made of an optical fiber in the 
conglomerate form having at least an optical waveguide. 

4. The laser apparatus according to claim 3, wherein the optical fiber in the conglomerate form is made 
immobile by covering all or a part of the optical fiber with a setting substance transmittable of the excitation 
light. 

5The laser apparatus according to claim 4, wherein the setting substance is a setting organic resin or glass, 
or a setting inorganic medium. 

6. The laser apparatus according to claim 3, wherein the optical fiber in the conglomerate form is made 
immobile mutually with an adjacent optical fiber by unitedly formed so that all or a part of the optical fiber is 
in contact with the adjacent optical fiber in a manner that each interface between a core and a clad of the 
optical fiber and the adjacent optical fiber is not impaired. 

7. The laser apparatus according to claim 1 , wherein the optical guide is either a double clad type optical 
fiber or an optical waveguide, formed with a clad and a second clad placed outside the clad. 

8. The laser apparatus according to claim 1 , wherein the optical guide Is constituted of a core member 
constituting an optical fiber and arranged in the conglomerate form inside the area by being repeatedly 
folded or wound without contacting one another in the area, wherein a lower refractive index substance is 
provided to cover a periphery of the core member constituting the optical guide, to fill a space between the 
core members adjacent to each other, and to form a clad member constituting the optical fiber together with 
the core member constituting the optical guide, wherein a second clad member made of a substance having 
a lower refractive index than that of the clad member covers a periphery of the clad member, and wherein 
the laser oscillation is produced by introducing excitation light inside the core member by way of an outer 
periphery of the core member constituting the optical guide. 
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